The present study was conducted on six Magnolia species in the period [2006][2007][2008] in the Botanical Garden of the Maria Curie-Skłodowska University in Lublin. The soil and leaves from the locations of the following species of Magnolia were subjected to evaluation: cucumber tree (Magnolia acuminata L.), Kobushi magnolia (Magnolia kobus DC), purple lily magnolia (Magnolia liliiflora L.), Japanese willow-leaf magnolia (Magnolia salicifolia Siebold et Zucc. Maxim.), saucer magnolia (Magnolia x soulangiana Soul.-Bod.), and umbrella magnolia (Magnolia tripetala L.). The studied plants were planted during the period 1968-1989 on grey-brown podzolic soil derived from loess. The significantly lowest content of phosphorus, potassium and magnesium as well as the lowest pH were recorded in the soil from the location occupied by the purple lily magnolia (M. liliiflora). The other sites were characterized by an optimal range of pH, high soil phosphorus and magnesium availability as well as medium potassium availability. An optimal content of nitrogen and calcium was found in the leaves of the cucumber tree (M. acuminata), of phosphorus and magnesium in the leaves of the Kobushi magnolia (M. kobus), and of potassium in the leaves of the Japanese willow-leaf magnolia (M. salicifolia). A low content of nitrogen and calcium was shown in the leaves of the purple lily magnolia (M. liliiflora), of phosphorus in the leaves of the saucer magnolia (M. x soulangiana), and of potassium in the indicator parts of the cucumber tree (M. acuminata). The study found that among the studied species the cucumber tree (M. acuminata) could be a good biostabilizer of nitrogen, while the Kobushi magnolia (M. kobus) a good biostabilizer of phosphorus and magnesium. In spite of significant differences in soil nutrient availability and clear variations in macronutrient contents in the indicator parts of the investigated plants, no visual symptoms of nutrient deficit were found in the Magnolia species under study.
INTRODUCTION
The decorative value of ornamental trees and shrubs hugely depends on proper plant nutrition. According to A e n d e k e r k (1997), magnolias are classified as species of low nutritional requirements. In turn, C z e k a l s k i (2007) stresses that these plants require fertile and humus-rich sites, since Magnolia develops a relatively shallow root system, which, compared to other species, substantially limits the possibility of these plants to penetrate the soil in search of available forms of nutrients. Moreover, optimal plant nutrition is dependent not only on soil nutrient content, but also on factors determining nutrient availability (N u r z y ń s k i , 2003). In the opinion of P e r r y and H i c k m a n (2001), both visual assessment of the appearance of plants and chemical analysis of the soil can be insufficient to properly diagnose the nutritional status of plants. K o p i n g a and v a n d e n B u r g (1995) claim that chemical analysis of the indicator parts of plants is the most accurate method for evaluation of their nutritional status, but the absence of clearly defined limit values representing optimal nutrient contents is still an unresolved problem.
The aim of the present study was to determine the level of supply of essential nutrients to some Magnolia species in relation to their content in the soil environment and to evaluate the studied plants in terms of the possibility of biostabilization of some elements.
MATERIALS AND METHODS
The study was conducted in 2006-2008 on six Magnolia species growing in the Botanical Garden of the Maria Curie-Skłodowska University in Lublin, with the following species selected for the study: tree cucumber (Magnolia acuminata L.), Kobushi magnolia (Magnolia kobus DC), purple lily magnolia (Magnolia liliiflora L.), Japanese willow-leaf magnolia (Magnolia salicifolia Siebold et Zucc. Maxim.), Soulange's magnolia, syn. saucer magnolia (Magnolia x soulangiana Soul.-Bod.), and umbrella magnolia (Magnolia tripetala L.). The respective plants were planted during the period 1968-1989. Thus, observations and investigations were carried out on magnolia trees in an age range of 22-43 years. The selected magnolia sites are located on grey-brown podzolic soil derived from loess containing 20-35% of fine particles.
Soil samples for chemical analysis in all the years of the study were collected in the second decade of August. Samples representatives of the individual locations were collected from a depth of 0-20 cm in accordance with the applicable recommendations. After sampling, the soil was dried and sieved through a 2mm mesh sieve. Following extraction of the soil samples in a solution of 0.04 M Ca(CH 3 CHOHCOO) 2 acidified with HCl to pH 3.6 (Egner-Riehm method), phosphorus was determined in the extract colourimetrically with the molybdate mixture and photorex, while potassium by AAS (Perkin-Elmer, Aanalyst 300). After extraction of the soil samples, magnesium was determined by AAS in 0.0125 M CaCl 2 extract (Schatschabel method). In addition, pH was determined in the soil samples in a solution of 1 M KCl.
Leaf samples of the selected Magnolia species were collected in each year of the study from the current year's long shoots in the third decade of August. The date of leaf sampling was delayed in relation to the recommended date for perennial plants due to the fact that magnolias produce leaves later compared to other deciduous tree species. Leaf samples were initially dried at a temperature of 60-70 o C and then ground. Next, after they were dried at 105 o C, the following were determined: -total nitrogen by the Kjeldahl method using the Foss Tecator digestion system. After dry mineralization of the plant material at 550 o C, the following were determined:
-phosphorus colourimetrically with ammonium-vanadium-molybdate (Thermo, Evolution 300), potassium, calcium, and magnesium by AAS (Ostrowska et al. 1991 ). The results were statistically analysed by analysis of variance, using Tukey's test to evaluate the differences at a significance level of p=0.05.
RESULTS AND DISCUSSION
The decorative value of magnolias, in addition to species-and cultivar-specific traits, largely depends on proper plant nutrition. Nutrient deficiencies cause serious disturbances in the proper development of leaves and flowers as well as they manifest themselves in the form of symptoms deteriorating the decorative values of plants (yellowing, necroses, and deformations). In the opinion of P e r r y and H i c k m a n (2001), visual assessment of the nutritional status of plants carries a high risk of error and may lead to improper use of fertilizers. This is particularly dangerous when excessive amounts of nitrogen and phosphorus, i.e. elements considered to be soil and groundwater pollutants, are introduced into the environment (P e t r o v i c , 1990; G i l m a n et al. 2000). They also draw attention to the risk of excessive ion accumulation and salinity in the soil environment which are dangerous for plants and are very frequently an effect of the use of excessive amounts of fertilizers (H a r r i s et al. 1997). According to P e r r y and H i c k m a n (2001), there is a need to determine for ornamental trees and shrubs limit values of nutrient contents that would define proper plant nutrition and they recommend for diagnostic purposes chemical analysis of the indicator parts of plants.
Observations and analysis of the plant material and soil were used to evaluate the nutritional status of the plants. The obtained results clearly show high variation in nutrient content in the plants and soil as well as in soil pH at the particular study sites (Tables 1 and 2 ).
The chemical analysis of the soil from the investigated sites of the magnolia trees showed significant variation in pH as well as in phosphorus, potassium and magnesium content in the root environment of the plants (Table 1 ). The study also showed substantial differences in soil nutrient availability between years. The highest phosphorus content in all study years was found at the site occupied by the umbrella magnolia (M. tripetala) -17.6-21.8 mg P × 100 g -1 of soil, while the lowest one in the location occupied by the purple lily magnolia (M. liliiflora) -0.6-1.4 mg P × 100 g -1 of soil. This relationship is fully reflected in leaf phosphorus content of this magnolia. When the obtained results were compared with the values recommended for the cultivation of ornamental plants (K a c p e r s k a et al. 1996; R o s e n et al. 2008), it was found that soil phosphorus availability at the site occupied the purple lily magnolia (M. liliiflora) should be assessed as low, while that in the other locations under investigation as high. These results should be referred to soil pH. At the site occupied by the purple lily magnolia (M. liliiflora), the significantly lowest soil pH was recorded (4.45-4.82), while the soil in the other studied locations of the magnolia trees was characterized by a slightly acidic or close to neutral pH (6.05-7.00). ns.
-not significant
The highest potassium content was found in the soil sampled from the location occupied the umbrella magnolia (M. tripetala) -29.2-48.2 mg K × 100 g -1 of soil, while the lowest one from the site with the purple lily magnolia (M. liliiflora) -on average 9.1 mg K × 100 g -1 of soil. Comparing the obtained results with the recommendations in the literature sources (K a s p e rs k a et al. 1996; R o s e n et al. 2008), the soil from the locations of the tree cucumber (M. acuminata) and umbrella magnolia (M. tripetala) was found to be characterized by high soil potassium availability, the soil from the site of the Kobushi magnolia (M. kobus, M. salicifolia and M. x soulangiana) showed medium potassium availability, while the soil from the location of the purple lily magnolia (M. liliiflora) was characterized by a low content of this nutrient. Variation in potassium soil availability demonstrated in the present study was not reflected in the content of this nutrient in the leaves of the magnolia trees growing at the particular sites. Irrespective of the study year, the significantly highest content of potassium (2.0% DW) was found in the leaves of Magnolia salicifolia, whereas the lowest content (0.68% DW) in the indicator parts of Magnolia acuminata (Table 2) . It is worth stressing that the factors determining potassium uptake by plants, in addition to the availability of this nutrient in the soil, include the proportion of clay minerals in the soil as well as the content of calcium and magnesium cations (N u r z y ń -s k i , 2003; R o s e n et al. 2008). These factors could have modified potassium uptake by the studied plants.
In the literature, there is a lack of reports presenting limit values for potassium supply to magnolias which could facilitate interpretation of the obtained results.
Irrespective of the year, the highest magnesium content was recorded in the root environment of the Kobushi magnolia (M. kobus) -on average 17.8 mg Mg × 100 g -1 of soil, whereas the lowest one at the site of the purple lily magnolia (M. liliiflora) -on average 11.8 mg Mg × 100 g -1 of soil. In spite of significant differences, the obtained results allow the soil from all the locations to be classified in the group of soils with high magnesium availability. According to K a cp e r s k a et al. (1996) , magnesium content above 7 mg Mg × 100 g -1 of soil is considered to be high. Most authors agree that magnolia plants require soil with a pH of 5.0-6.0 (C z e k a l s k i , 2007; H o fm a n , 2010). The presented results prove that soil pH in the locations of all the Magnolia species under study, except for the purple lily magnolia (M. liliiflora), should be considered to be proper (Table 1) . However, some reports clearly show large differences in terms of pH of the root environment between individual species of Magnolia (R o s e n et al. 2008). In the opinion of M u r p h y (2009), Magnolia is a plant that tolerates well a decreased pH of the root environment and sites with a pH of 4.5-5.5. W h i t i n g et al. (2009) even warn against excessive alkalization of the root environment in the cultivation of magnolias due to the increased risk of the occurrence of chlorosis caused by a deficit of iron and other micronutrients. These authors include magnolias in plants with high susceptibility to iron deficit, at the same time emphasizing that this adverse phenomenon substantially deteriorates the decorative value of plants.
The present study on the chemical composition of the leaves of some Magnolia species showed significant variation in this composition, depending on the species and year ( Table 2 ). The highest total nitrogen content was shown in the leaves of the cucumber tree (M. acuminata) -2.40% of N-total, and the lowest one in the leaves of the purple lily magnolia (M. liliiflora) -1.54% of N-total. Analysing nitrogen content in 25 deciduous tree species at different sites, in the case of Magnolia grandiflora P e r r y and H i c k m a n (2001) found a wide range of nitrogen content, from 1.0% to 3.5% N, with its average content at a level of 1.3% N. In the present study, total nitrogen content, depending on the Magnolia species and year, was in the range of 1.40-2.43% N, with its average content of 1.99% N. In some species with similar requirements to those of Magnolia, the optimal leaf nitrogen content is reported to be 2.0-3.0% N (K a c p e r s k a et al. 1996), whereas A e n d e k e r k (1997) reports the value of 2.44% N for the purple lily magnolia. Table 2 . Nitrogen, phosphorus, potassium, calcium and magnesium content (% DW) in the leaves of the investigated species of Magnolia sp. The accumulation of macronutrients by perennial ornamental plants is an essential factor reducing the mobility of bioelements in the rhizosphere and may significantly contribute to their reduced leaching to groundwater. This is particularly important in the case of biostabilization of mineral nitrogen and phosphorus (G i l m a n et al. 2000). Leaf phosphorus content in the Magnolia species under evaluation was in the range of 0.15-0.49% P. The lowest content of this nutrient was shown in the leaves of Soulange's magnolia (M. x soulangiana) -on average 0.17% P, whereas the highest one in the Kobushi magnolia (M. kobus) -on average 0.47% P. According to K a c p e r s k a et al. (1996) , the range from 0.13% to 0.30% P is assumed to be the optimal one for phosphorus in plants with nutritional requirements similar to those of magnolias. In the present study, leaf phosphorus content is at an average and high level. The obtained results show that among the studied species the tree cucumber (M. acuminata) and Kobushi magnolia (M. kobus) can be good biostabilizators of nitrogen and phosphorus from the soil environment.
Leaf potassium content in the leaves of the particular species of Magnolia significantly varied. The highest content of this nutrient was found in the leaves of the Japanese willow-leaf magnolia (M. salicifolia) -on average 1.98% K, while the lowest one in the tree cucumber (M. acuminata) -on average 0.68% K (Table 2 ). In the available literature, A e n d e k e r k (1997) reports that the value of 2.24% K is he optimal level of potassium for magnolias, while K a c p e r s k a et al. (1996) give the range from 0.70% to 1.30% K for plants with similar requirements to those of Magnolia. Hence, leaf potassium content in the Kobushi magnolia and tree cucumber should be assessed as low, while in the other species as medium.
Leaf calcium content in the magnolia leaves was in the range of 0.79-3.32% Ca. The highest content of this nutrient was found in the leaves of the tree cucumber (M. acuminata) -on average 2.92% Ca, whereas the lowest one in the leaves of the purple lily magnolia (M. liliiflora) -1.08% Ca. The obtained results are comparable to the values cited in the literature (K a c p e r s k a et al. 1996; A e n d e k e r k , 1997; P e r r y and H i c k m a n , 2001). Significant variation in calcium content between particular sites and years needs to be stressed (Table 2 ). These differences most probably are an effect of varying weather conditions prevailing during the study period, in particular as far as rainfall distribution is concerned (M i c h a ł o j ć and J a r o s z , 2012). It is known that moisture content in the root environment is one of the main factors determining calcium availability for plants.
CONCLUSIONS
1. The soil in the location occupied by the purple lily magnolia (M. liliiflora) was found to show the significantly lowest content of phosphorus, potassium and magnesium. The other sites were characterized by an optimal range of pH, high soil phosphorus and magnesium availability as well as medium potassium availability. 2. The optimal content of nitrogen and calcium was found in the leaves of the tree cucumber (M. acuminata), of phosphorus and magnesium in the leaves of the Kobushi magnolia (M. kobus), and of potassium in the leaves of the Japanese willow--leaf magnolia (M. salicifolia). 3. The present study showed a low content of nitrogen and calcium in the leaves of the purple lily magnolia (M. liliiflora), of phosphorus in the leaves of the saucer magnolia (M. x soulangiana), and of potassium in the indicator parts of the tree cucumber (M. acuminata). 4. The study found that among the studied species the tree cucumber (M. acuminata) could be a good biostabilizator of nitrogen, while the Kobushi magnolia (M. kobus) of phosphorus and magnesium. 5. In spite of significant differences in soil availability and clearly varying contents of micronutrients in the indicator parts of the investigated plants, the study found no visual symptoms of nutrient deficit in the studied species of Magnolia.
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